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THE PROMISE OF PERSONALIZED MEDICINE

New technologies offer the potential for revolutionary
changes in the practice of medicine from molecular diagnos-
tic tests that detect disease before symptoms are evident to
patient profiling techniques that help predict which patients
are most likely to benefit from or be harmed by specific
therapies. These approaches and the extensive data they
require will need to be supported by a new information
architecture. This system has been described as personalized
health care—treatments and services targeted to the biology
of the individual, leading to potentially significant improve-
ments in patient care. Although this vision has been articu-
lated for several years, researchers are slowly gathering the
information required to support the adoption of technologies that
will be the crucial building blocks of the system. Other aspects of
this vision are less developed, and the rationale for investment
required to bring new technologies to market remain speculative.

At the policy level, there are recurring questions of the
correct approach to innovation in health care. Do we have the
right public policies and private strategies in place to foster
innovation in the health care system? At the core of these
discussions, there is a question of whether personalized health
care will require a new approach to technology assessment and
dissemination, one that embraces the tremendous potential of
the vision of personalized medicine. What is the role of tech-

nology innovation in health care, and what should be the public
policy responses to innovation?

TECHNOLOGY AND INNOVATION IN HEALTH
CARE

Technology development and diffusion can offer new oppor-
tunities for patient benefit. In assessing the role of technology
innovation, one field of scholarship has explored the relation-
ship between technology innovation and organizational innova-
tion. This line of inquiry presents a useful framework for
discussions of the broader policy questions related to personal-
ized medicine.

New technology often is accompanied by new business mod-
els. In competitive markets, innovation in technology enables
new business models to use the advances of the new technology
to offer cost or quality advantages to the end user. When
successful, these new combinations of technology and business
strategy are able to supersede their predecessors.1,2 This issue
has been examined in detail by Christensen,3 who assessed the
relationship between technology innovation and organizational
innovation in the computer disk drive industry.

Christensen’s concept of “disruptive innovation” begins
with the assumption that consumer demand for a given
technology is distributed normally, with the tails of the
consumer preference curve representing high-end users with
specific needs and price insensitivity and the low-end users
with limited needs and price sensitivity. Firms already in the
marketplace offer their products to all users but develop their
technologies to meet the needs of the high-end users, their most
valued customers. High-end users are thought to be the most
profitable consumers and to be the most articulate about their
needs. To satisfy the demands of this group, firms improve their
technologies over time within the constraints of an existing busi-
ness model, an approach Christensen termed “sustaining innova-
tion.” The resulting products and services target the needs of the
most lucrative segments of the market.

Christensen’s key observation is that so-called sustaining
innovation leads firms to develop products that possess capa-
bilities far beyond the needs of the average consumer. This
strategy creates opportunities for new firms to enter the market
with new technologies and business models that focus on the
more limited needs of average consumers. When successful,
these new firms can supplant the existing firms in a process
called “disruptive innovation.”

There are many examples of disruptive technologies. One is
digital photography, which was eventually disruptive to photo-
graphic film photography. When introduced to the market, digital
photography technology resulted in worse picture quality than
traditional film photos so it met the needs of few users in the
market. However, the convenience of digital photography allowed
it to grab a market niche.

We then developed the concepts of computer storage and
sharing and the market expanded. Eventually, as the camera
technology improved and market share increased, digital pho-
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tography was able to surpass film photography and dominate the
marketplace. Another example is the minicomputer, which was
a disruptive innovation to the mainframe market; personal com-
puters were in turn a disruptive innovation to the minicomputer
market. Mobile telephones were disruptive to fixed-line tele-
phones. This dynamic process of firm entry and firm exit from
markets offers tremendous potential benefits to consumers over
time in terms of reduced costs and improved quality.

DISRUPTIVE INNOVATION IN HEALTH CARE?

In the health sector, it is difficult to identify examples of truly
disruptive technologies. Some have argued that home glucose
monitoring, coronary angioplasty, and the nurse practitioner
model are examples of disruptive innovations in health care.3

However, none of these technologies have been able to fully
disrupt the market. None has fundamentally changed the system
of primary care or fostered the development of new and inno-
vative models of health care delivery.4 In most cases, these
innovations have been unable to develop into the type of dis-
ruptive innovations we see in other markets when the new
replaces the old.1,2 Instead, technology has generally added to
existing systems in the manner of sustaining innovation.5 Phy-
sicians have fought the entry of the nurse practitioner model,
and payment regulations restrict nurse practitioners to a primary
care role.6 The business model to offer a real-time interface
between home glucose monitoring and physician offices has
taken years to evolve.4 Furthermore, angioplasty relies on the
same hospital-based model as cardiac surgery; the procedure is
simply performed by a cardiologist instead of a cardiac sur-
geon.4

In short, there is a lack of solid examples of disruptive
innovation in health care. It is not difficult to discern why this
might be the case. The health care industry exists through a
relationship between business and government that is different
from the computer disk drive industry that Christensen ob-
served. These interactions, in the form of regulations, profes-
sional standards, and administrative procedures, create oppor-
tunities for incumbents to support the status quo by erecting
barriers to market entry. The typical firm bringing a disruptive
innovation to market is unable to meet these established rules
because it characteristically offers products or services with a
narrower or more limited scope, a different business model, and
potentially a different customer focus from that of incumbent
firms. An unintended consequence of this system is an environ-
ment that supports sustaining innovation over disruptive inno-
vation. The health care market does not have the advantage of
disruptive innovation to drive cost and quality improvements in
the marketplace.

ADMINISTRATIVE BARRIERS TO INNOVATION

Regulatory controls have the effect of developing a set of
rules and standards for a market, including rules governing
market expansion and process for firm entry into a market.
Regulations in health care include the governance of third-party
payments in health insurance,7 a medical liability system based
on the standard of care, or rules on hospital markets (certificate-
of-need requirements). As discussed earlier, new entrants may
not meet these administrative criteria or may not be able to
navigate this process. As a result, all of these regulations may
inhibit entry of new business forms.

Market entry is a dynamic process. Given an equal opportu-
nity, entry will be greater when profit opportunity is greatest and
barriers to entry are lowest. Given the high cost of most services

in health care and the inherent profitability of the system, the
health care market should be an attractive opportunity for firm
entry. Also, given the quaternary care model rampant in the
marketplace, existing firms have developed capacity that out-
strips the needs of most consumers (and have failed to provide
the front-end services demanded by most consumers). So the
lack of entry should not be ascribed to a lack of interest in the
market by investors.

There is a constraint on entry in this simple model—the cost
of entry. The cost of entry can be seen as the cost of complying
with administrative processes to create a new business model, or
the cost of complying with regulatory standards that require
entrants to achieve the same form or capabilities as incumbents
to enter the market. These requirements can increase the cost of
entry to the point where entry is no longer attractive to new
firms.4 Alternatively, these factors may alter the risk of any
investment by increasing uncertainty regarding approval of a
new business model.

The relative lack of firm entry has consequences throughout
the health care marketplace on both incumbents and new en-
trants. In the absence of new market entrants (or a viable threat
of entrants), organizational innovation of existing firms lags or
disappears (Richman BD, Mitchell W, Schulman KA, unpub-
lished study). This lack of organizational innovation on the part
of incumbent firms compounds the cost and quality conse-
quences of firm trajectories comprised of sustaining innovation
on the marketplace.

THE POLICY MAKER’S ROLE

This discussion has emphasized the potential negative con-
sequence of current regulatory and governance practices on the
health care marketplace. Clearly, regulations serve an essential
role in the health care system.4 However, by establishing a
threshold above average consumer performance expectations,
regulations may also preclude quality-enhancing, lower-cost
innovations from entering the market. What can policy makers
do to promote innovation and allow new technologies to enter
this regulated marketplace? Another way of framing this ques-
tion is how should we take account of the negative externalities
of a regulatory scheme on the marketplace?

One simplistic framework would suggest we should support
adoption of disruptive innovations over sustaining innovations.
This approach is clearly supported by the theoretical frame-
work, but it contrasts with current technology adoption models
in which most technologies that reach the market are simply
sustaining innovations that “add on” to existing technologies.
For example, greater availability of angioplasty is now associ-
ated with more revascularization procedures among elderly
patients.8 Similarly, the availability of more magnetic resonance
imaging units does not reduce the number of computed tomog-
raphy scans performed.8

Supporting disruptive over sustaining innovations is not a
simple task. Disruptive innovation is not a result of technology
innovation; rather, it is a combination of business and technol-
ogy innovations. It is unclear from an assessment of a technol-
ogy itself whether the business model is one that offers the
potential for disruption. Second, although many products pur-
port to be disruptive innovations, true disruptive innovations
can only be identified in arrears when markets have changed as
a result of the innovations. Even with these limitations, how-
ever, potential pathways forward could emerge.

First, not all types of innovation are, or should be, of equal
interest to policy makers. In most markets, sustaining innova-
tions are those that enter the market continuously. New versions
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of Microsoft Windows and new models of the iPod come to
market with greater capabilities than previous versions at equal
or lower prices. From this perspective, the regulatory approach
could be one that expects sustaining innovation as a condition of
remaining in the marketplace and limits the financial rewards to
products or services over time. For example, imagine if we
lowered the price for a magnetic resonance imaging each year
based on an index of computer costs in the broader marketplace.

The treatment of potentially disruptive innovations, however,
could be considered quite differently. In health care, disruptive
innovations face tremendous obstacles with new combinations
of technology and business models that have not previously
existed. Based on the concept presented to this point, regulators
could consider facilitating entry of these firms and technologies
as a means of enhancing the price and quality of health care
services for consumers. At the same time, regulators should
curtail these incentives for firms and products that do not prove
to be disruptive. This suggests that broader regulatory reform
would accomplish the former goal of allowing access but at the
expense of many sustaining innovations benefiting from the new
framework. An alternative would be a time-dependent facilitated
pathway for market entry that is unique to the regulatory frame-
work we have constructed for health care. For example, policy
makers could determine a mechanism to identify technologies with
the potential to become disruptive and to allow these technologies
to enter the market in a disruptive fashion.

EXPLORING POLICY OPTIONS

One such mechanism would be the creation of an office of
personalized medicine (OPM) charged with reviewing new
technology applications to determine if they have the potential
to become disruptive. With data and business cases presented by
the owners of the technologies, the OPM would assess the
ability of an innovation to transform health care delivery and
treatment and eventually lead to improvements in both out-
comes and costs. Such a review mechanism would encourage
technology owners to think beyond the novel characteristics of
their proposals to consider other important business and oper-
ational features that would eventually determine if an innova-
tion goes beyond being sustaining to become truly disruptive.

For innovations deemed disruptive by the OPM, policy mak-
ers could play an important role in providing incentives for
these technologies to successfully enter the market. Owners of
disruptive innovations could receive vouchers for accelerated
review, or the innovations could command a premium in reim-
bursement negotiations. Regulators could even define a special
regulatory pathway for these technologies, with distinct market
approval and reimbursement criteria that would more closely
align with the characteristics of these technologies. As an alter-
native, regulators could carve out “safe harbors” for these
technologies, giving the owners of such innovations flexibility
and time to change the prevailing business models in their
sector. After a model similar to “coverage with evidence devel-
opment” at the Centers for Medicare and Medicaid Services
(CMS), innovations considered disruptive could be subject to
special reimbursement mechanisms for a given period, altering
the prevailing incentive system in the market and enabling the
new technology to take hold. For example, under the current
encounter-based reimbursement system, health care providers
have little incentive to acquire technologies that enhance service
but reduce the number of clinic encounters, because such inno-
vations would likely result in reduced revenues for the provider.
Under a “safe harbor” mechanism, health care providers who
use an OPM-labeled disruptive technology to remotely monitor

patients would likely be able to bill for the informal communi-
cations that such technologies would generate (e.g., e-mail
consultations and phone conversations).

EXAMPLE: THE COMPLEX DEVELOPMENT PATH
FOR A POTENTIALLY DISRUPTIVE INNOVATOR

One clinical application for personalized medicine is targeted
therapy for individual patients.9 The potential implication of
this approach is to offer improved safety and efficacy for
individual patients10 and have an immediate economic impact
by avoiding therapies with low potential for efficacy (although
one would expect manufacturers to respond to this technology
in terms of development and pricing strategies over time).

Currently, the regulatory pathway for development of diag-
nostic tests for personalized medicine applications is controver-
sial and depends on whether the test or the information from the
test kit is the product. A company seeking approval for a novel
molecular diagnostic test for which the test kit is being mar-
keted requires approval from the Center for Devices and Ra-
diologic Health (CDRH) at the Food and Drug Administration
(FDA).11 CDRH classifies devices into three regulatory classes
based on the anticipated use of the technology and the inherent
risk. The class assignment determines the requirements for
approval and the complexity of the marketing approval process
(i.e., either premarket notification or the more stringent and
lengthy premarket approval).

Alternatively, in vitro diagnostic devices can be developed
and marketed under the Clinical Laboratory Improvement Act
(CLIA) of 1988, which governs “laboratory-developed tests”
(i.e., tests performed in a single site where the test kit is not
marketed; samples can come to the laboratory for this service
from anywhere in the country). CLIA establishes three catego-
ries of testing on the basis of the complexity of the testing
methodology: waived tests, tests of moderate complexity, and
tests of high complexity. Laboratories performing moderate- or
high-complexity testing must meet requirements for proficiency
testing, patient test management, quality control, quality assur-
ance, and personnel. However, CLIA-governed tests do not
require FDA approval.

The distinction between these two separate pathways has
created a special area of controversy for personalized medicine.
Using gene expression technology, scientists have reported the
ability to classify patients based on risk of disease recurrence.12

Although the technology is in its infancy, the FDA has raised
concerns about the regulatory pathway for in vitro diagnostic
multivariate index assays. These devices combine the values of
multiple variables using an interpretation function to yield a
single, patient-specific result that is intended for use in the
diagnosis of disease or in the cure, treatment, or prevention of
disease; and they provide a result with a nontransparent deri-
vation that cannot be independently derived or verified by the
end user.13

Most in vitro diagnostic multivariate index assays in the
market are laboratory-developed tests marketed through the
CLIA route, that is, tests developed by a single clinical labora-
tory for use in that laboratory alone. Given the strategy of not
marketing the test kits and performing the tests at a single site,
these tests did not fall within the scope of laboratory tests over
which the FDA had generally exercised enforcement discretion.
Concern over this space has led to a proposal to begin regulation
of this market by the FDA, with the issuance by CDRH of draft
guidance in July 2007.13 This regulatory issue has not yet been
resolved.
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In addition to regulatory approval, companies seeking to
enter the market with new molecular diagnostic tests also must
work with CMS to obtain reimbursement for their products.
This separation of approval and reimbursement results from the
different missions assigned to both FDA (approval) and CMS
(reimbursement). FDA approval is based on meeting statutorily
defined criteria of safety and effectiveness, and literally pro-
vides permission to market a product in the United States.
Implementation of these criteria varies by product category but
serves as a minimum set of criteria for entry into a market. FDA
review and approval are not an assessment of value or unique-
ness, nor a recommendation for use or funding of a product or
technology.

Conversely, CMS review is based on a statutorily defined
standard of “reasonable and necessary” for the treatment of
illness or injury. This standard for reimbursement is an assess-
ment of whether a technology should be used in the care of
Medicare beneficiaries. It is a relative standard and can be
influenced by the existence of an unmet medical need, the
existence of comparative therapies, and the value of a new
technology. In principle, the separation of approval and reim-
bursement provides an easier entry to the market for a technol-
ogy (approval) and allows the sale of a product even if there is
no CMS reimbursement for the technology.

The CMS reimbursement process itself is complex. The
process governs three key issues—coverage, coding, and pay-
ment.14 As mentioned earlier, to be covered by Medicare under
the Social Security Act, the new technology must be “reason-
able and necessary” for the treatment of illness or injury;
however, technologies that are predictive may not meet this
standard because prevention is not considered as a medical
treatment. Second, as medical claims processing has become
automated, assignment of specific codes for new medical tech-
nologies has taken on a unique importance in the reimbursement
process. If specific codes are not available for a new technology,
payment for the technology cannot be differentiated from existing
technologies. Finally, payment schemes in Medicare can vary from
bundles (inpatient diagnosis-related group payment) to specific
(outpatient laboratory testing). When the technology will be reim-
bursed separately, a payment rate must be established.

Coverage, coding, and payment decisions are not necessarily
made in a particular order, and the decisions can span a 12-
month period. To add to the complexity, different components
of CMS are responsible for different aspects of these decisions.
The Office of Clinical Standards and Quality oversees national
quality initiatives and includes the Coverage and Analysis Group
and its three divisions, which are responsible for developing na-
tional coverage policy. Payment and coding decisions are devel-
oped by the Center for Medicare Management, with two groups
and 10 divisions potentially involved in the process. In addition,
there is the possibility that different regional decisions can be made
about these issues in the absence of a national decision.

In recent years, CMS has shown an awareness of the need to
streamline this process and has taken several steps aimed at
improving it. In 2004, the Council on Technology and Innova-
tion (CTI) was established under the Medicare Prescription
Drug, Improvement, and Modernization Act to serve as a co-
ordination point for new medical technologies. In August 2008,
the CTI published the Innovators’ Guide to Navigating CMS14

to assist stakeholders in understanding the processes used to
determine coverage, coding, and payment. Although serving to
help technology developers understand the CMS process, the
CTI group is not an expedited pathway to market for new
technologies.

CMS has launched several demonstration projects to test
innovations in reimbursement policy. For example, the cover-
age with evidence development policy provides an abbreviated
pathway to Medicare coverage while still requiring further
evaluation of a new technology. At the same time, CMS is
working to make coding processes more efficient and has im-
plemented a number of initiatives to reform one of its major
coding systems, the Healthcare Common Procedure Coding Sys-
tem, while moving to replace the International Classification of
Diseases, Ninth Revision, with the more flexible and clinically
relevant Tenth Revision.15

A WAY FORWARD FOR DISRUPTIVE
INNOVATIONS

Although these actions are steps in the right direction, a
broader approach could help accelerate the access of disruptive
innovations to the market. The OPM could play a significant
role as a unifying and coordinating agency, acting as the single
point of contact through the Department of Health and Human
Services for technologies deemed disruptive. The OPM would
expedite the approval process by expertly understanding all the
potential pathways involved and helping the technology navi-
gate the regulatory mesh. In this role, the OPM would act as an
ombudsman for disruptive innovations that are seeking market
approval. As described earlier, this process would not be open
to all potential innovations but rather to those that, based on the
technology characteristics and the proposed business model to
implement them, are considered to have disruptive potential.

The consideration of disruptive potential would only be
granted for a fixed period. If after such period the technology
fails to deliver its disruptive promise and its novel business
model fails to take hold, the OPM could elect to levy penalties
on the company, either monetary (to repay the competitive
advantage gained through early market entry) or other penalties
(such as closing the OPM pathway for future innovations from
the company for a given period). The intent is to make the
penalty significant enough that companies will exercise best
efforts to deliver on the disruptive promise of their innovations.

The OPM could build on these changes and work in tandem
with the CTI, as well as the CMS Office of Research, Devel-
opment, and Information. Close communication between these
groups would ensure tight coordination through the regulatory
and reimbursement approval processes. The OPM could also
work with these groups to expand current initiatives and create
new, larger demonstration projects or safe harbors for disruptive
innovations. The OPM would also have to follow a strict time-
line to ensure a speedy decision about whether a technology will
meet the OPM standard.

Much of this policy assessment has focused on the unique
role of the federal government in the health care marketplace.
Private health plans often adopt much of their coding infrastruc-
ture from Medicare and can elect to follow Medicare in cover-
age decisions. Thus, efforts to adopt these policies by the public
sector will have effects on the private sector, as well. Creating
transparency in the rationale for OPM decisions and communi-
cating the results of evaluation of technology implementation
can also help to shape decisions in the private sector. The role
of the private sector in fostering disruptive innovation merits
further consideration.

CONCLUSIONS

Personalized medicine offers the potential for revolutionary
change in the practice of medicine. It also provides a unique
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window into the relationship between new medical technolo-
gies, new business models for health care delivery, and role of
government in this unique marketplace. Using personalized
medicine as a test of disruptive innovation in health care, we
find the need for a different approach to these technologies in
order for them to achieve their full potential. Achieving this
result, however, is fraught with difficulty, as disruptive innova-
tions are deemed truly disruptive only in hindsight. Thus, our
approach offers the potential that designations of a technology
as potentially disruptive would provide competitive advan-
tages to products or services that may not merit this consid-
eration. A robust framework for continuing assessment (and
the potential for penalties on misrepresented technologies)
might help protect the integrity of this process. However, the
benefits of unlocking the health care market to disruptive
innovation seem to be worth the risk.
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Erratum

Application of dual-genome oligonucleotide array-based comparative genomic hybridization to the molecular diagnosis of
mitochondrial DNA deletion and depletion syndromes: Erratum

In the article that appeared on page 518 of volume11, issue 7, the disclosure statement was incomplete. The disclosure statement
should have included the following: The Department of Molecular and Human Genetics at Baylor College of Medicine offers
microarray testing service on a fee basis. This error has been noted in the online version of the article, which is available at
www.geneticsinmedicine.org.
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